Learning to read is a complex and cumulative process, beginning in early childhood and continuing through the school years. Reading skills in the early elementary years are commonly found to be significant predictors of later reading skill, even above other aspects of general cognition (Cunningham & Stanovich, 1997; Muter et al., 2004; Schatschneider et al., 2004) .
Normative patterns of development are commonly noted (e.g., Chall, 1983) , however there is considerable variability in reading skill when children enter into formal education and in how they progress through school (Parrila et al., 2005; Storch & Whitehurst, 2002) . Previous work has suggested that there are numerous potential sources of this variability in reading skills, including cognitive processes (Wagner & Torgesen, 1987) , genetic influences (Harlaar et al., 2007; Petrill et al., 2012) , and environmental sources such as socio-economic status (Sirin, 2005) and classroom effects .
The development of reading is most commonly described using two types of developmentally sensitive longitudinal models: exploring individual differences in growth over time through latent growth curve modeling and exploring individual differences in occasion-tooccasion transmission through simplex modeling (e.g., Bast & Reitsma, 1997) . These models are often used from an either/or perspective as they approach modeling development from different perspectives, although the findings from the models can be viewed as providing complementary information. Latent growth curve modeling views reading development as a continuous process that can be modeled throughout the range of time that is being examined.
Once that process is adequately modeled, predictors (e.g., genetic and environmental influences) can be added to the model that attempt to explain the process as a whole (Francis, Schatschneider, & Carlson, 2000) . This type of modeling can be used to describe potential cumulative development, or the extent to which initial ability in reading has a subsequent developmental effect on later years of reading performance (Aunola et al., 2002) . Simplex modeling, in comparison, describes reading development as occurring in increments, where change relies on the relative position of each individual over an increment of time. It models this change based upon previous skill but has the potential for examining novel influences that may explain incremental change in reading that can occur from time-point to time-point (Jöreskog, 1979; Parrila et al., 2005) . This potential for time-point to time-point change describes a more dynamic, or incremental, view of the development of reading.
Considerable work has explored these two developmental patterns in reading. It has been suggested that there is rank-order stability in mean growth based on initial status of reading skill but also individual differences in the rate of growth in children's reading (Campbell et al., 2001; Foorman et al., 1998; McCoach, O'Connell, Reis, & Levitt, 2006) . Individual differences in the growth pattern of reading through the school years indicate a slowing of annual gain through the early elementary to middle school years (Francis et al., 1996) . Work has also suggested that there can be year-to-year specific effects on the individual differences of reading development (Bast & Reitsma, 1997; Leppanen et al., 2004; Stanovich, 1986; Wagner, et al., 1997) . For instance, reciprocal development and mastery of component reading skills punctuating reading development (Leppanen, et al., 2004) , the effect of reading education (Chall, 1983) or the effect of an individual teacher in a given school year (Connor et al., 2007; National Reading Panel, 2000) , are all examples of potential sources of this dynamic relationship. Taken together this work suggests that there are individual differences in children's reading growth through school, including both cumulative development and that which is more dynamic.
Twin studies have recently used quantitative genetic methodologies to further explore the etiology of individual differences on the development of reading. From an Ohio twin sample, Petrill et al. (2010) , using latent growth curve modeling, suggested significant genetic and environmental influences shared within a twin pair (named the "shared environment") affect initial reading status, and weak and mostly non-significant genetic and strong shared environmental influences affect the growth of reading. Logan et al. (in press) extended the linear model of Petrill et al. (2010) to examine the potential for curvilinear growth (e.g., Hill et al., 2008) . Logan et al. found that change and deceleration of word reading skills were influenced by both genetic and environmental influences when accounting for curvilinear growth, slightly differing from Petrill et al. (2010) . Recent work from a Colorado twin sample has also presented growth curve modeling results for word list reading fluency, reading comprehension and spelling (Christopher et al., in press ). Using growth curve models with correlated residuals as the best fitting model, this work suggested genetic effects on the intercept and growth factors, with nonsignificant effects due to the shared environment. However, the authors also presented results more closely mapping onto the uncorrelated models presented by the Ohio project, and the results for word list reading fluency in this model also indicated shared environmental effects for the slope.
Also, initial quantitative genetic work has begun to explore the dynamic nature of reading using a Cholesky decomposition, a model which estimates all possible genetic and environmental relationships among time points (e.g., Harlaar, Dale, & Plomin, 2007) . More specifically, a Cholesky decomposition is similar conceptually to a hierarchical multiple regression in a structural equation modeling framework. In a Cholesky decomposition with longitudinal data, for example, genetic and environmental relationships with the second time point are estimated after controlling for the first time point, and genetic and environmental relationships with the third time point are estimated after controlling for the previous two time points, and so on. Therefore, a longitudinal Cholesky decomposition serves as a starting point for understanding relationships across measurement time points. In general, the previous literature using longitudinal Cholesky decompositions has indicated a trend of genetic, and possibly to a lesser extent shared environmental effects, contributing to the stability of reading in both early and middle childhood (Byrne et al., 2007; Harlaar et al., 2007; Wadsworth, DeFries, Olson & Willcutt, 2007) . Additionally, some of this previous work also suggested age-specific genetic influences outside of the general stable genetic influences (Byrne et al., 2007; Harlaar et al, 2007) . Moving beyond the Cholesky, a simplex model allows for testing developmentally driven hypotheses based on the genetic and environmental influences on the stability and instability of reading development. The Cholesky and simplex models with two time points can be interpreted in the same way, but any additional time points separate the two models. With more than two time points, a Cholesky allows for all possible relationships between the time points to be estimated, which results in variance being attributed to relationships that are not as developmentally meaningful (e.g., the genetic effects of grade 1 on grade 5). Instead, the simplex model allows for a more meaningful interpretation of the data, estimating pathways that are developmentally relevant. Just as no child goes from grade 1 directly to grade 5, the simplex model replicates the trajectory of children through school, examining the genetic and environmental influences from each grade to the next. Despite this, no work using a genetically sensitive simplex model to explore the development of reading could be found, although it is commonly used in other areas of human development (e.g., Vasilopoulos, et al., 2010) .
The primary goal of this study was to examine the genetic and environmental influences on the development of oral reading fluency from grades 1 through 5. Oral reading fluency, or rapid and accurate reading of connected text, requires both word-level reading as well as reading words in context (Jenkins, Fuchs, Van den Broek, Espin & Deno, 2003; Stanovich, 1980) . Oral reading fluency has been highlighted as an efficient and reliable measure of reading skill in the primary grades (Roehrig et al., 2008) , with indications of it having a high association with reading comprehension (e.g., Roberts, Good, & Corcoran, 2005) . Given its importance as a measure of children's progress through the education system (Fuchs, Fuchs, Hosp, & Jenkins, 2001) , there has been considerable efforts made towards understanding the nature of the development of oral reading fluency (e.g., Kim et al., 2010) . Behavioral genetics work examining the etiology of oral reading fluency is limited. One report on 10 year old twins in Ohio suggested that oral reading fluency is highly genetically influenced with no shared environmental effect (h² = .82, c² = .00; Hart et al., 2010) . Work from the present sample examining oral reading fluency at the end of grade 1 indicated high genetic influences (h² = .62), and low but significant shared environmental influences (c² = .22; . Overall, work using twin samples suggests that oral reading fluency is highly genetically influenced and to a lesser extent influenced by the shared environment. This study will be the first to explore both genetically sensitive latent growth curve modeling and simplex modeling approaches to the development of reading, as previous work has been limited to latent growth curve modeling (Christopher et al., in press; Logan et al., in press; Petrill et al., 2010) , and Cholesky decomposition modeling (e.g., Harlaar et al., 2007) . This is important because even though previous work has highlighted the influence of genetics and environment on the mean growth of reading, there is only preliminary work exploring when novel genetic and environmental influences appear during the early school years. Importantly, there is a general shift in how reading is taught in elementary school, a move from "learning to read" (i.e., learning the key mechanics of reading) to "reading to learn" (i.e., using reading to learn other subjects with no explicit reading instruction) in third grade (Chall, 1983) . For oral reading fluency, this shift may occur specifically as decoding becomes more automatic (e.g., Roberts, Good, & Corcoran, 2005) . Previous work has indicated that it may be the case that there are stable genetic influences as well as unique genetic influences at age-specific time points through this shift (Byrne et al., 2007; Harlaar et al., 2007) . However, this has yet to be explicitly tested using a simplex model, which specifically models developmental stability and time specific novel effects. Beyond this, the present sample is from a racially, ethnically and socioeconomically diverse twin project (see , for an initial report from this project), allowing for greater generalizability from this study than previously available in the literature (e.g., Petrill et al., 2010) .
We propose to use both a latent growth curve model and simplex model in concert, comparing and generalizing findings across both. This work will explore the genetic and environmental influences on the continuous growth of reading skill, as well as those which may contribute to the dynamic nature of reading development (Bast & Reitsma, 1997) . Given methodological concerns and theoretical implications of using only a latent growth curve or simplex model (Bast & Reitsma, 1997; Kenny & Campbell, 1989; Stoolmiller & Bank, 1995) , the use of both models in the present study offers a methodological improvement over prior designs. Finally, this work will be done in a twin sample which reflects the diversity of Florida.
Given the previous literature, we hypothesize that there will be genetic and shared environmental influences on the intercept and growth terms of the latent growth curve model, and that these genetic and environmental influences will covary. Moreover, we hypothesize that the simplex model will suggest initial genetic and environmental effects which are transmitted across the grades with additional novel genetic influences seen in individual grades, most likely the earlier school years of active instruction in reading. Given the previous literature's finding that the shared environment contributes primarily to the stability of reading (e.g., Harlaar et al., 2007) , we do not expect to find novel shared environmental influences in individual grades.
Method Participants
The Florida Twin Project on Reading is a cross-sequential study that ascertains progress monitoring and achievement data for reading via Florida's Progress Monitoring and Reporting Network (PMRN), a statewide educational database . Due to the cross-sequential nature of the study and data collection procedures, data were not available for all twins at all time points. All available data for each grade were analyzed and the number of twins available for analyses at each grade level is presented in Table 1 . Twins were approximately seven years old at the beginning of grade 1 (M=6.74, SD=.48).
Procedure and Measures
Zygosity was determined via a parental five-item questionnaire on physical similarity obtained during intake of the twin families into the project (Lykken et al., 1990) . Trained testers administered progress monitoring measures as part of normal school attendance and all scores were entered into the PMRN web-based data collection system. Scheduled administration of measures was determined by the Florida Department of Education and local school districts. In the present analyses, the first administration of oral reading fluency for each grade was used, typically given within a 45 day window beginning in September. 
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Statistical Analyses
The primary goal of this study was to examine the development of reading during elementary school. To do so, three separate models were analyzed. Latent growth curve models were first fit to the phenotypic (non-genetic) data to determine the best fitting growth line to inform subsequent genetic analysis. Following the results from the phenotypic latent growth curve models, a quantitative genetic latent quadratic growth curve model was estimated. This allowed for an estimation of the additive genetic (A; genetic influences which are directly inherited from one's parents), shared environmental (C; environmental influences which make siblings more similar to each other) and nonshared environment (E; environmental influences which make siblings unique) on where children start school (intercept), rate of growth through school (linear slope) and change in the rate of growth (quadratic slope; see Figure 1 ). This model also estimates the genetic and environmental influences on the covariance among the intercept, linear slope and quadratic slope terms. From the quadratic growth curve model, the effect of genetics and environments on the general growth pattern of individuals can be explored.
Finally, a quantitative genetic simplex model was applied to the data, allowing for an exploration of the stable and novel genetic and environmental influences across the early school years (Boomsma & Molenaar, 1987) . More specifically, a simplex model estimates the influences on a given time point attributable to the previous time point (called "transmission"), as well as new influences unique to that time point (called "innovation"; see Figure 2 ). Using quantitative genetics methodology, the covariance between years as well as the unique variance within a year can be separated into genetic, shared environment and nonshared environment influences (Neale & Cardon, 1992) .
The initial phenotypic growth model was conducted with all available raw data using Mplus software (Muthén & Muthén, 1998 . Model comparisons tests were used to determine the best fitting model (Hu & Bentler, 1999) . Subsequent quantitative genetics modeling was done in Mx with all available raw data, with 95% confidence intervals to test for significance (i.e., confidence intervals which do not bound zero are significant; Neale et al., 2006) . Raw data were used for the quantitative genetic quadratic growth curve modeling, with ORF scores from fall of first grade used to center the intercept. Z-scored data were used for simplex modeling. No mean or variance differences were found in ORF performance between boys and girls in the sample. Furthermore, a multigroup sex-limitation model of ORF scores testing gender effects was fit to the data at each grade and the variance across gender could be completely constrained for all grades, indicating that it was appropriate to combine male, female, and opposite-sex twins in analyses (results available from first author upon request).
Results
Phenotypic development of reading
Descriptive statistics for each grade of oral reading fluency (ORF) are presented in Table   1 1 . Due to the uniqueness of this twin sample in its racial and ethnic diversity, to better facilitate comparison to other twin samples all data in Table 1 is also displayed on a subsample consisting of families self-reporting as "White" only. Twin intraclass correlations for each grade of ORF (monozygotic, dizygotic same-sex, and dizygotic oppostive-sex twin pairs), a descriptive method for estimating genetic and environmental influences, are also displayed in Table 1 . In general, the extent to which monozygotic (MZ) twin intraclass correlations are greater than dizygotic (DZ) twin intraclass correlations (for both same-sex and opposite-sex pairs), additive genetic influences (or heritability; represented by h²) can be inferred. The extent to which the difference between MZ and DZ intraclass correlations is less than half indicates shared environmental influences (environmental effects which serve to make family members more similar;
represented by c²). Finally, the extent to which MZ twin intraclass correlations are less than 1 A small amount of the sample scored a zero in grade 1 (3.97%), grade 2 (.75%), grade 3 (.39%) and grade 4 (.17%). All models were run with these children removed from the sample. In general, any estimate changed only slightly in magnitude, and the pattern of significance across the models remained the same. These results are available from the first author.
unity indicates nonshared environmental influences (environmental effects which serve to make family members less similar, including error; represented by e²). Additionally, Pearson correlations of oral reading fluency (ORF) among the grades are presented in Table 2 . In general, all correlations were moderate to high, and significant. There was a trend towards a decreasing magnitude of correlation for further apart testing periods.
The phenotypic growth model indicated that randomly varying linear and quadratic growth was the best fit to the data (χ 2 (4)=267.21, p<.001; CFI .95; SRMR .03). Although, a nonsignificant chi-square value is preferred, this statistic is highly sensitive to large sample sizes and should be evaluated with caution. Investigation of alternative measures of model fit, specifically the comparative fit index (CFI) and the standardized root mean squared residual (SRMR) indicated adequate model fit (Hu & Bentler, 1999) . The parameter estimates for the final model reported an intercept of 26.55, a linear slope of 54.10, and a quadratic slope term of -9.39. The positive linear growth term and negative quadratic growth term suggest that while the general trend of growth was positive across the five time points, there was also a significant deceleration effect as children advanced through school. More specifically, growth in oral reading fluency was the fastest in first grade, and decelerated as the students moved through elementary school.
Quantitative genetic development of reading
Latent growth curve modeling. For this model, latent factors of intercept, linear slope and quadratic slope were estimated, and the variance and covariance among the factors was decomposed into estimates of genetic (represented by A 1 , A 2 , and A 3 in Figure 1 ), shared environmental (C 1 , C 2 , and C 3 ), and nonshared environmental (E 1 , E 2 , and E 3 ) effects. Age at grade 1 was modeled as a definition variable in Mx (Neale, et al., 2006) . Using a definition variable in Mx allowed for initial age of assessment to be controlled for within assessment point while also accounting for the effect of age on the covariance among the assessment points. It is important to note that by allowing for randomly varying curvilinear growth, it implies that each individual's instantaneous rate of change can vary throughout the developmental period under study. Therefore it is crucial to evaluate estimates of heritability, shared environmental, and nonshared environmental influences at specific points in time across the temporal range of the data. To that end, we examined the genetic and environmental influences on instantaneous change (the linear term) at each age point (by re-centering age at each time point). Because the estimates of heritability and environmental influences were relatively stable across each time point, we have chosen to present the results when age is centered at the first grade.
Estimates of genetic, shared environmental and nonshared environmental components of variance and covariance on and among the intercept, linear slope and quadratic slope factors are presented in Table 3 , with confidence intervals indicating significance. Model fit parameters for the model were -2LL = 57479.19, AIC = 44747.19, df = 6366. Univariate estimates of heritability, shared environment and nonshared environment for each of the latent factors estimated are displayed on the diagonal. Results suggest that heritability for the intercept factor was high and significant (h²=.87), and the shared environmental estimate was non-significant (c²=.09). Heritability and shared environmental estimates for the linear slope factor were moderate and significant (h²=.42, c²=.53). Finally, heritability for the quadratic slope factor was low and significant (h²=.33), and the shared environmental effect was moderate and significant (c²=.66). For all factors, the estimates of nonshared environmental influences were small but significant (e²=.02-.05).
Estimates displayed off the diagonal in Table 3 represent the components of covariance shared between the latent factors attributable to genetic and environmental influences. In general, there was significant covariance attributable to genetic influences among all the factors.
For shared environmental influences, there was significant shared environmental covariance between the two slope factors only (-.59). Nonshared environmental covariance estimates between the intercept and linear slope only (.04) were small and significant.
Simplex modeling. Pathway estimates from the simplex model are displayed in Figure   2 , with confidence intervals in brackets. Model fit parameters for the model were -2LL = 15794.56, AIC = -37.44, df = 7916. Genetic innovations were significant for the first three years of ORF testing, but non-significant for grades 4 and 5. Genetic transmission pathways were high and significant across all time points. For the shared environmental results, only the innovation at grade 1 was significant, but transmission path estimates were high and significant across the grades. Finally, all nonshared environmental innovation and transmission pathways were small to moderate and significant.
Discussion
The main goal of this study was to explore parallel developmental models to determine the pattern of growth and change in oral reading fluency through the early elementary school years when learning to read transitions into reading to learn. Genetically sensitive latent growth curve and simplex models were examined using oral reading fluency data from grades 1 through 5, with developmental models used to examine the genetic and environmental influences on the cumulative and dynamic change across the years.
Latent quadratic growth curve model
There are two aspects of the results from the latent growth curve analysis of particular interest: the univariate genetic and environmental influences in intercept, linear slope and quadratic slope, and the genetic and environmental covariance among these factors. In general, the univariate genetic influences on the intercept (.87, or 87% of the total variance) were higher than those on the linear and quadratic growth terms (42% & 33%, respectively). Shared environmental influences were only indicated on the growth parameters, whereas nonshared environmental influences were indicated for all three factors.
As for the covariance among the latent growth curve factors, there were common genetic influences between the intercept and linear slope terms, indicated by the estimate of .21. This suggests that of the total covariance between the intercept and linear slope terms estimated by the model (.33 = .21 + .08 + .04), 64% (.21/.33 * 100 = 64%) of the covariance between reading skills at the start of grade 1 and rate of growth in reading skills through grade 5 is attributable to common genetic influences. There was no significant shared environmental influence to the covariance between intercept and linear slope, but there was for nonshared environment (.04/.33 * 100 = 12%).
Common genetic influences were also indicated on the covariance between the linear and quadratic growth terms, represented by the covariance estimate of -.36. It should be noted that the estimate of the covariance is negative because faster growth was associated with more deceleration of growth (this finding was supported by the phenotypic growth curve modeling as well). Therefore, although the negative covariance infers a phenotypic relationship of interest, it is still interpreted the same way genetically, in that 35% [.33/(.33 + .59 + .03) * 100 = 35%] of the covariance between linear slope and quadratic slope is due to common genetic influences.
As for the shared environment, the effect on the covariance between the linear and quadratic slope terms was significant (62%). The nonshared environmental influence was nonsignificant.
Finally, the covariance between the intercept and quadratic growth terms indicates that 75% is due to common genetic influences [.36/(.36 + .10 + .02) * 100 = 75%], and the negative direction of this relation indicates that children who started grade 1 with better oral reading fluency showed more deceleration of growth through the elementary school grades. Both environmental effects were nonsignificant.
In total, the latent growth curve results suggest that genetic effects strongly influence children's reading skills prior to beginning formalized education in reading, as well children's growth in reading through elementary school. Moreover, to a large part, the genetic influences on initial skill in oral reading fluency also influence growth in reading. These shared genetic influences may be in part indicative of variance associated with genes related to general cognitive processing or related to genes important for the development of reading performance specifically. In contrast, the shared environment only significantly influenced the differential growth rates of reading skills, and not the intercept. These shared environmental estimates on growth may be school related effects, as prior to grade 1 the primary source of shared environment is typically the family home environment. Given that the intercept did not reflect significant shared environmental influences, but the growth factors did, this could suggest that the variance across classrooms and schools is a significant contributor to growth in reading (e.g., Greenwald, Hedges, & Laine, 1996) . However, this finding does not necessarily preclude family level influences on the growth of reading. For instance, home environment aspects related to academic achievement (e.g., homework environment; Xu & Corno, 2003) could be contributing novel variance towards the growth of reading, whereas, it could be considered that these influences may be less important to the individual differences in reading at the beginning of grade one. The small nonshared environmental influences are indicative of child-specific environmental influences only (i.e., less the error typically associated with this estimate due to the use of latent factors in this model; Gayan & Olson, 2003) , suggesting that child characteristics influenced reading scores at entrance to first grade, as well as independent similar influences on the growth terms, with very little overlap among the factors.
These results are similar in some ways to the previous work done on the Ohio twin sample on the growth of reading Logan et al., in press) , in that univariate genetic influences are statistically important for the intercept and growth terms while the shared environment influences growth. However, previous work from Ohio suggested shared environmental influences on the intercept factor as well, which were not indicated in the present work. These present results more closely mirror recent work from Colorado (Christopher et al., in press), which found high genetic effects but small and nonsignificant shared environmental influences on the intercept for growth of word list reading fluency. When using the same growth modeling procedure as the present, Colorado's results from the growth factors are also similar these results, with genetic and shared environmental influences on the slope and quadratic terms.
However, Christopher et al. (in press ) presented as the best fitting model a growth curve model of correlated errors, a model with indicated nonsignificant effects due to shared environment on the slope factors. Turning towards the covariance among the growth curve parameters, the present results suggested no shared environmental overlap between the intercept and growth terms, which in previous studies from Ohio demonstrated substantial overlap between these constructs. Similar to the univariate estimates on the growth parameters, the present work more closely resembles the pattern of nonsignificant shared environmental correlations between the intercept and growth factors presented from the Colorado group (Christopher et al., in press ).
In total, there are interesting similarities and differences between these results and the Ohio and Colorado samples. Examining grade-to-grade specific univariate genetic and environmental effects, the present sample more closely resembles the Ohio sample in that significant shared environmental influences are indicated over the first few years of formalized reading instruction. Indeed, word-level decoding in the Ohio sample indicates shared environmental influences through grade 3 (Logan et al., in press) . Although the univariate shared environmental estimate in the present sample is nonsignificant for the beginning of grade 1, previous work from this project has suggested significant shared environmental influences at the end of grade 1 , and the present analyses indicates this pattern of significance extends through grade 3. Given this, the differences in the present growth curve modeling from the Ohio sample are most likely due to the lack of univariate shared environmental effects on the grade 1 fall time point in the present analyses. As for the Colorado sample, the grade-to-grade univariate estimates suggest for the most part significant genetic effects and little to no shared environmental effects at any grade (with an exception of postkindergarten sight word reading). Despite this difference, interestingly the growth curve models from Colorado were more similar to the present work than Ohio was. This may in part be due to the similarity of the intercept time point between the two samples.
Additionally, the differences between the present results and the previous literature may also be due to different measures of reading being explored. Given the developmental pattern of shifting importance in reading skills (e.g., Chall, 1983) , it is most likely not the case that the growth of fluent reading of connected text (i.e., oral reading fluency) would be the same as word-level decoding and other reading factors as measured by the Ohio and Colorado samples (Christopher et al., in press; Logan et al., in press ). Beyond these measure differences, there are also likely sample differences that are leading to the differences in the results, particularly age differences at the first measurement occasion. This may especially be the case for comparing the Ohio sample, with a greater first time point age spread, to Colorado and the present work, each with a much more narrow age span.
Simplex modeling
With regard to the simplex modeling, results indicated that there were novel genetic influences at the beginning of grade 1 (.89), grade 2 (.49), and grade 3 (.24). The genetic innovations were non-significant for grades 4 and 5. Transmission of genetic influences from one grade to the next were significant and considerable across all the grades, suggesting that although there were new genetic influences on the first three grades of school, there was also a considerable overlap of genetic effects among the years. Interestingly, the magnitude of the innovations decreased from year to year, indicating a trend suggesting that new genetic influences become less important at each assessment point whereas transmitted genetic influences from previous years become more important.
One possible explanation for the large genetic transmission is that the genetic influences associated with the innovation at grade 1 (which represents the cumulative genetic effects on reading coming into grade 1) may have been directly associated with general cognitive processing, and so these genetic influences would continue to be important across the school years. In other words, this initial effect may represent genetic influences on general skills used for learning in school. On the other hand, the genetic innovation at grade 1 followed by the genetic transmission may also be linked with genes important in reading performance specifically. For example, early literacy skills such as phonological awareness may underlie the initial innovation, and the transmission may reflect the developmental importance of these skills to later reading performance, such as decoding followed by reading comprehension. The independent and smaller genetic influences appearing as new innovations in part in grade 1 and then in grades 2 and 3 may be measuring genetic influences associated with specific reading skills that develop incrementally during the early school years (e.g., Chall, 1983) , or they may represent novel general processing skills (e.g., related to increased memory demands).
The results of the shared environmental influences from the simplex model indicate that there was only one significant innovation (at entrance to grade 1), with significant transmission of this effect across the years. This result would suggest that the shared environmental influences present at the entrance to formalized schooling, whether they represent home or school level influences, have a large and carrying effect on the development of reading skills, but this effect is singular. In other words, individual years seem to not contribute significant amounts of shared environmental variance above and beyond the general effect throughout school.
Nonshared environmental results in this model can capture any type of error (i.e., this model does not include latent factors) as well as child-specific environmental effects. These results would suggest that measurement and/or sampling error, and possibly child-specific environmental influences, are accounting for the significant innovations at each time point. A possible source of these child-specific environmental influences are classroom influences (e.g., , as approximately 60% of the twins in this sample are in separate classrooms at any given time point. The results also suggested that there are child-specific influences transmitted across the years. Aspects such as individual reading motivation or interest towards literacy may be associated with the stable nonshared environmental influences measured (Phillips & Lonigan, 2005) .
Although no previous quantitative genetic work using a simplex model to explore the development of reading could be found, these results can be compared to similar literature using a Cholesky decomposition over longitudinal time points 2 . Harlaar et al. (2007) found significant general genetic overlap among teacher ratings of twins' reading achievement at ages 7, 9 and 10 years, as well as evidence of age-specific genetic influences at each age. The shared environmental results indicated general overlap among the ages, as well as an additional agespecific effect at age 9. In general, the present simplex modeling results mirror the Harlaar et al. 
General conclusions across models
Two models of development were explored to determine if the different modeling techniques would suggest similar results (i.e., Stoolmiller & Bank, 1995) . The two models together allow for a description of development which encapsulates stable growth of skills that is sometimes interrupted with time-specific influences. The convergence of results across the models, coupled with the large available sample size, suggests that general conclusions concerning reading development may be indicated. Specifically, as we hypothesized, there are common genetic influences underlying initial skill at the beginning of grade 1 which are shared with the development of reading through the elementary years. This is represented by the significant genetic influence on the intercept which overlaps with the growth terms in the growth curve model, and the significant genetic innovation at grade 1 which is then transmitted across the years in the simplex model. This genetic transmission may represent genetic influences specific to reading performance or closely linked cognitive skills (e.g., phonological awareness), or possibly to other traits that are needed to participate in the learning environment in school (e.g., attention). Alternatively, it may be the case that the source of this genetic transference is genetic influences attributable to general cognitive ability, especially given the relative stability of genetic influences on general cognitive ability in childhood . Moreover, there is a moderate to large phenotypic relationship between general cognitive ability and Beyond these common genetic effects underlying the developmental process, there are also novel genetic influences which punctuate development in grades 1, 2 and 3 and then carry forward. We hypothesized this would be the case, drawing from previous work (e.g., Harlaar, et al., 2007) . Although the simplex model is uniquely able to pick up these dynamic influences, the corresponding result in the growth curve model is the proportion of overlap in genetic influences between the intercept and the growth terms (i.e., 64% and 75% of the covariance). This result may be paralleling what is happening in the literacy classroom during these years, a period called "learning to read" where active instruction in more accurate and fluent word level reading processes is occurring (Chall, 1983) . It may be the case that these genetic influences are associated with new specific reading skills (or beginning reading skills for some nonreaders entering into grade 1) that are developing as children matriculate through grades 1 through 3.
After these years, active instruction shifts away from the process of reading towards using reading to understand content, called "reading to learn" (Chall, 1983) . It may also be the case that these unique genetic innovations are related to general cognitive processing. Furthermore, it would seem that after this shift the genetic variance associated with any further development of oral reading fluency is specific to the accumulation of all previous genetic influences, with no novel effects. This is most likely due to most children becoming fluent word-level readers at this stage.
The shared environment also showed an interesting pattern across the two models. As we hypothesized, shared environmental influences were specific to the general development of reading through the school years, and not necessarily important in defining any specific grade level effects. This conclusion is represented by the univariate effect of the shared environment on the growth terms along with the common shared environmental influence on the covariance among them in the growth curve model, as well as the single innovation at grade 1 transmitting across the years in the simplex model. The two models suggest an overlapping general finding that the shared environment influences how children go through school, but does not seem to be influencing year to year deviations. This is specifically indicated by the lack of significant shared environmental innovations in the simplex model for grades 2 through 5, indicating that the environment does not appear to be as important to grade specific differences. The moderate and consistent shared environmental influence on the development of reading may be due to home environmental influences related to reading outcomes. It could be suggested that in general the home environment is more stable across time than the school environment, which changes year to year. Thus home environment could be reflected in the stable shared environmental transmission identified in the simplex modeling. Also, this shared environmental pattern may also be due to the general processes of being part of formalized education, more specifically with the specific instructional and classroom practices that influence the individual differences of how children interact with the broadly defined school environment. Some work has suggested that the year to year changes in schooling, such as changing classrooms, do not produce a large effect (e.g., Byrne et al., 2010) . This suggests that there is little variance in reading development attributable to year to year changes in education, but instead the general influence of being in school on reading outcomes (Greenwald, et al., 1996) .
There are three possible limitations to consider with this study. First, there was a reduction in available sample size in grades 4 and 5. This may be contributing to the lack of novel genetic influences on grades 4 and 5 in the simplex modeling. However, the sample available in grades 4 and 5 is approximately the same size as other published work using genetically sensitive designs exploring the development of reading (e.g., Petrill et al., 2010) .
Notably, the lower sample size available for grades 4 and 5 will not influence the power of the growth curve modeling, which uses all available data for modeling. Second, this study was limited to only one measure of reading due to the lack of other variables available longitudinally in the PMRN. Oral reading fluency represents one component of reading skill, and developmental results may be different for other component reading skills (e.g., reading comprehension; Petrill et al., 2012) . However, understanding the developmental pattern of oral reading fluency has practical utility as it is a measure of reading skill that is commonly used in school standardized progress assessments (Fuchs, et al., 2001) . Finally, DIBELS ORF passages, including those used in the present sample, have indicated possible form effects, in that difficulty is not uniform across all form administrations (Francis, Santi, Barr, Fletcher, Varisco, & Foorman, 2008; Petscher & Kim, 2011) . The present results may be an artifact of individuals getting test passages of different difficulty across the testing cohorts, which if not random in this sample may undermine the conclusions.
This study is the first report on the dynamic development of reading using latent growth curve and simplex modeling from a large representative twin sample. Previous work has been limited to smaller, less-representative twin samples using latent growth curve modeling only, or large twin samples with fewer longitudinal time points and limited to a Cholesky decomposition.
By generalizing across two developmental models and in concert with the previous literature, some general trends about the genetic and environmental influences on the developmental pattern of reading can be drawn. Genetic influences on the development of reading are both general, affecting the growth of skills, as well as novel, introduced through the first three years of school when word level reading skills are taught. The shared environment indicates general influences only, suggesting possible home-or school-level effects which are moderate and stable across development. Both of these results would suggest that environmental changes, such as a specific reading intervention, could change the dynamic genetic influences through a possible, unmeasured, gene-environmental interplay in the early school years, as well as affect the environmental influence on the general development of reading. More research is needed to identify the specific genetic and environmental influences underlying the developmental trends highlighted here. 
